Thresholds were measured using a two-alternative forced-choice adaptive procedure. On each trial two complex tones were presented. For the standard stimulus, the odd harmonics were attenuated by 60 dB, and thus this stimulus had essentially a fundamental twice that of the test stimulus. The first tone was either the test or the standard stimulus. The listener had to indicate which of the stimuli had the higher pitch by pressing one of two buttons on a response box. The two stimuli always had the same chroma, so the judgement was one of octave height in all cases. After a correct response the odd harmonics of the test stimulus were attenuated adaptavely to determine threshold. Six listeners participated in the experiment.
Pitch Helix
For musicians, pitch has two dimensions in the sense that a note has an octave (C1, C2,…) and a position on the cycle of notes within the octave (C,C#,D,..). In auditory perception, these dimensions are referred to as octave height and pitch chroma. Computers enable us to change the octave height of a note gradually without going through the cycle of notes within the octave:
•Attenuation of the odd harmonics of a complex harmonic tone eventually leads to a shift of one complete octave in the perception (Fig. 1 on the right) •Alternating phase can lead to a near octave shift Fig. 1 
Experiment
•How much do we have to attenuate the odd harmonics of a harmonic complex to achieve an octave shift in perception?
•How is this cosine attenuation threshold affected by a complimentary phase shift of the odd harmonics, and how is the pattern of results affected by the frequency of the fundamental and/or the frequency region of the energy (i.e., harmonic number)? The perception of octave height has been investigated in a number of studies (e.g. Patterson, 1990; Patterson et al. 1993; Warren et al, 2003) . The experiment in this study is designed to increase the sensitivity of the perceptual judgements to the effect of phase shifting on octave perception. The auditory image Fig.6 : Ratios of the main (P1) and secondary peaks (P2) of the time waves for the 48 conditions. The conditions in the panels are represented in a similar fashion as in Fig. 3 . The blue, green and red lines correspond to the phase shifts 0, 1/3 π and 1/2 π. The open symbols present the ratios for waves without attenuation; the filled symbols present the ratios for waves with attenuations of the odd harmonics at threshold. The ratios for waves with a complete octave shift are indicated with stars.
Stimuli
For waves without attenuation, (open symbols) the phase shifts produce a large effect. The ratios are 0, 0.5 and 1 for shifts of 0, 1/3 π and 1/2 π, respectively. The closed symbols show that the peaks at threshold are not similar in height, except for a phase shift of 1/2 π as expected. The ratios based on the peaks of the temporal profile explain the results of the experiment better than the ratios based on the peaks of the time waves. The ratios of the solid symbols shown in Fig. 7 , suggest that the tone height we perceive is related to the relative heights of the main and secondary peaks in the temporal profile. 
